Several OU transitions and small deletions were introduced into the conserved region centered on base C1400 in Escherichia coll 16S rRNA by in vitro mutagenesis. The mutations were placed within rrnB operons on multicopy plasmids under the transcriptlonal regulation of either the normal rrnB PjP, promoters or the temperature-inducible P promoter from bacteriophage lamBda and introduced into E. coll hosts. When expressed from the PJPJ P romoters .
INTRODUCTION
Several lines of investigation indicate that the 3' portion of prokaryotic 16S rRNA is in close contact with tRNA and mRNA during translation. Base pairing between the 3' end of the 16S rRNA molecule and the complementary Shlne-Dalgarno sequence in mRNA during initiation of protein synthesis has been well documented (1) .
In Escherichia coll 16S rRNA, additional evidence for the importance of the 3' domain in ribosome function includes the observations that the target site of the antibiotic Icasugamycln, which Inhibits Initiation, includes the methylated adenlne residues at positions 1517 and 1518 (2) , and that elongation of nascent polypeptide chains is halted by treatment of ribosomes with the bacteriocide, colicin E3, which cleaves 16S rRNA between nucleotldes 1493 and 1494 (3) . Furthermore, mutations that disrupt complementarity between nucleotides 1409 and 1491, which form the first base pair of the penultimate helix of 16S rRNA, Induce resistance to paromomycin, an antibiotic which impairs codon recognition (4) .
Particular attention has centered on the region surrounding the cytosine at position 1400 since C^gg can be covalently cross-linked to the anticodon of tRNA^a l when the tRNA is situated in the P site of E. coll rlbosomes (5).
More recently, it has been shown that tRNA bound to 70S rlbosomes protects several nucleotldes within this region from modification by a variety of structure-specific chemical probes (6, 7) . The recognition that the C^QQ region constitutes at least a portion of the anticodon binding site lends added significance to the observation that the nucleotlde sequence between positions 1390 and 1410 is conserved in nearly all sraall-ribosomal subunit RNAs (8) .
We have initiated a detailed genetic study of the C^QQ region using site-directed mutagenesis In vitro to induce one or more mutations between positions 1388 and 1412 of the 16S rRNA gene. Although mutations in and around C-^QQ have been reported previously, none has led to significant alterations in host-cell phenotype (9, 10) . In part, this may have been due to selection against harmful mutations during the mutagenesis procedure. To avoid selective bias at that stage, we cloned the relevant restriction fragments from the rmB rRNA operon into bacteriophage M13 vectors to construct phenotypically silent templates for mutagenesis. The altered restriction fragments were subsequently introduced into the rrnB operon of a multicopy plasmid for expression In vivo under the control of either the E.
coll rrnB Pj^ promoters or the inducible P L promoter from bacteriophage lambda.
Because the seven chromosomal rrn operons of the host cells were intact, the mutant rRNA comprised 50-60% of the cellular rRNA when transcribed from Pj^ (H)> and l ess when the mutant operon was transcribed from AP L . To select those mutations most likely to impair ribosome function, the growth rate of E. coll host cells expressing the mutant rRNA genes was measured and compared with that of wild-type cells.
Despite the background of wild-type, host-encoded rRNA, we were able to identify several mutations that were harmful, or even lethal, to host cells. 
Plasmlds and Bacterlophages
Plasnld pKK3535 (17) and its derivative, pNO1301 (11), both carry an intact rrnB operon. pCT2 was derived from pKK3535 in three steps: first, the (Fig. 2a) .
The growth rates of the transformants are listed in Table 1 
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MUTATIONS WHICH ARE VIABLE WHEN EIPRESSED FROM THE P P PROMOTERS
1390 1400 1410 Fig. 1 ) in which the rrnB operon was expressed fron the P-.P, promoters. Cell were suspended at an initial ODg-.. of approximately 0.04 in liquid medium containing 5g/L yeast extract, lOg/L tryptone, lOg/L NaCl and 200 mg/L ampiclllin, and grown at 37*C for at least four doublings. pEXPAM8 was too unstable to permit determination of its growth rate (see text). above phenotypes were stable over many generations in recA strains of E. coll.
MUTATIONS NOT RECOVERED WHEN UNDER REGULATION OF THE P P PROMOTERS
GGGCCUUGUACACACC G<C C C G \TC
Although transformants containing the c i400' G 1401* A re Pl acem8nt were isolated, their growth was severely Impaired. It was not possible to measure the growth rate of this mutant as the culture rapidly converted to wild-type growth rate.
Despite numerous attempts, no transformants harboring plasmids from which either C^QQ or G^Q^ had been deleted were recovered when the mutant rrnB operons were subject to regulation by the Pj^ P The growth rates of the mutant pPL215 derivatives are shown in Table 2 . Cells removed from the cultures after the curves leveled off did not grow on solid medium and were presumed to be dead.
Isolation of mutations at position 1505
To. investigate a proposed tertiary interaction between C^jg^ and E. coll N03203 (recA) was transformed with plasmid pPL215 or the indicated mutant derivatives and grown as described in Table 2 . The doubling tine for cells containing pPL215 is less than that indicated in Table 2 (Table 3) . Moreover, the data presented in Table 3 Although the effector has not been identified, it is believed that excess ribosomes or ribosomal subunits (15)--possibly only those that are initlationconpetent (27, 28)--are the signal for feedback regulation. Since the AP L promoter is not subject to this control, rRNA contributed by the plasmid-borne operons should accumulate at the expense of chromosomally-encoded rRNA (15) .
If 16S rRNA containing U 1395 or V^QJ is assembled into stable 30S aubunits, these subunits would be expected to repress chromosomal rRNA operons, while transcription of plasmid-borne operons continued unabated. Consequently, production of wild-type ribosomes would decrease and mutant, functionally impaired ribosomes would comprise a steadily rising proportion of the total.
This condition would lead to cell death when the number of ribosomes unable to carry out translation rose above the critical threshold.
In theory, substitutions at position 1505 could suppress the lethal U^3 g5
and 0^407 ™u tationj » by rendering the altered 16S rRNA unstable or otherwise 
